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SPECTRAL OBSERVATTCNS OF THE EXTREME ULTRAVIOLET BACKGROUND 

ABSTRACT extreme ultraviolet background. It 

A grazing incidence spectrometer was designed 1 to .measu* the ^ ^ ^ ^ ^ 

flown on a sounding rocket, and data J" ob ^ c ^ d Wow 520 A. Several emission features were ■ 

Zr *u« firct c^ectral measurements ol this oacKgJuunw 1Q4 £ emission. Other features 

JELTiSwS BSCS* h« , »*^^jS3SSi£2* * «rS' 

log t = 6; this result is consistent wrtb ^resul* itt> J* idcntificati ons - ultraviolet: spectra - 
Subject headings: instruments - interstellar, matter 
X-rays: spectra 




1. INTRODUCTION 

emission, but on the indirect evidence ™J°^ ot conflict 
thermal mechanism has been suggested w&icnao« 
with some component of ihe ^^^S been 
The distribution of the soft X-ray ^ JSXhrthave limited 

- »\ 1Q7QV These results show an enhancement near *v 
et aL W/yh incsc 1 rj. k- n vn emission from a 10° K 
which has been m *f^J^^ 1 ^^ emission 

lines of this model spectrum have been made 

£ ct aL 0984) with a 



lithium-drifted, silicon solid-state d-^flK^ 
resolution shnflar to ^g^RSSESt' 
counter used by Inoue e [ d - / 1979 > " , Rocch ia et 
20 A feature reported ^^^wSdetect 1 
suggest that lines of C v ^t££j « off ^ 
tnnatelv the instrument s long-wavcicn^w 
S consSuendy the data show 

enhancement, and there ■ «• -fr" 000 
dropsatwavelengthslarg*rU,an40A ^ 

A minimal amount of data on "™ , t 
extreme ultraviolet (EUV) has *~*^SStS 
detectors. The diffuse EUV backed v« 
Berkeley sounding rocket «P«»«»<V f,tl55i 
1976). These measurements eovermg th «J£ ^ ,j 
later confirmed by the data <*Xft?S^1%. 
EUV telescope, which performed lo"g cr 0t ^ (SterI 
different regions of theskym J^XlS** <T 
1979). Bloch et al. (1986) used a sound ng r , 
Ican'a portion of the sky ^"^Jf^ec.^ 
experiments are the ^y^J^ge^ations ba 

background ^^^SSJS^^^^ 
duced upper limits to the b**g£*£ * 

Stern and Bowyer the soft 2 

with the temperatures inferred from , 
ments but that some «as ™£ B0 e% 

T ^ 4 x 10 5 . Bloch et aL 09WJ° ^ t 
cooler gas; A* analy* ■ ■ ^SS-Wfc 
perature derived from tbfJ-W »^ mC8S 

In addition to the data v/crt 

with the /IpoHo-Soyuz E^^coveringf 
on the diffuse background in tends 
500-800 A. Unfortunately, the n» ,^ 
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dominated by the bright, resonantly scattered solar 
rtfaTKw A and He i at 584 A, making direct obser- 
ffi interstellar lines impossible. Stern and Bowyer 
^ iJ«U the Apollo-Soyuz observations in the antisolar 
-ffSEi the 2 ttered 304 A geocoronal line intensity ,s 
^£*2d. to obtain upper limits on the interstellar inten- 
Stem (1981) argued that the ^.dual signal in 
££f?consistent with emission from a angle 1 ne at 584 
£ employed a differencing technique to obtain a more 
"VSEr limit on this intensity. While this approach 
.fvabCich a procedure adds considerable uncertainty 

Sl S!(198fi) analyzed data from 1,508,198 s of obw«- 
^t hfi Galactic latitude with the Voyager 2 Mr*™ * 
L!LSer The EUV part of this observation is dominated 
^Ur He i 584 A line intensity that is resonantly scat- 
Sm neutral helium flowing through the solar system^ 
! « £noved this bright He . line from his spectra along 
; omeTsources of background to derive upper limits to 
Stellar emission between 520 and 1 100 A. . 
ft] diflte EUV background is the product of emission 
S a ot gas, most of theradiated power wrfl be concentrated 
ISM? lines from highly ionued atoms fgato 1W6. 

g, Moore 1976: Raymond & Smith 1977, stern, 
?P,I0 & towyer U78; Mewe, Gronenschild & van den Oord 
il HencTspectral measurements wfll not only provide 
ftive proof ofthe existence of a hot component of the ISM 
,£ will also provide useful diagnostics of this gas. Despite 
wmSnrmotivation, spectral measurement have not 
Sly been made at EUV wavelengths shorter than 520 k. 
rS£nS in the difficulty of building grazing incidence 

BKKJSSS our diffuse EUV spirometer ^ our 
rvations obtained on a sounding rocket flight In§ 3 w 
ribe the tests performed on the data to search for emission 
iocs. In §4 we pVovide an interpretation of the observation 
to resoect to emission from hot interstellar gas. The implica- 
t!3SSS^ are discussed in § 5, and a summary of our 
suits is provided in § 6. 

Z INSTRUMENTATION AND FLIGHT 

e spectrometer described here was designed *° 
ve tite EUV background radiation. The instmment is an 
bjective grating, grazing incidence sr^ro^^A w,re pid 
oWmator restricts the field of view in one *»*^ * <J' 
ile allowine 1 5 C of sky to enter the instrument in the orthog- 
£S££t ™s wedge of light is ^cted by an 
at, blazed reflection gratings at graang madenc^ Once dil 
acted, the light is focused in the spectral direction by an amy 
f of mirrors through thin film bandpass filters ^nt o m^o- 
phannel plate detectors. A schematic of the spectrometer is 

"hown in Figure 1. . . . 

: The total instrument payload [consists of three such sp«> 
lometers, each tailored to a specific wavelen^ range^ To 
- ain higher sensitivity at shorter wavelengths, the spectrom- 
"hat coders 80-230 A has 44 cm> of co = area, ab ou 
« the area of each of the Other two ^ometerv The 
lium-wavelength spectrometer covers 23M30 A, and the 
aoag-wavelength spectrometer covers 43(^650 A- The Utter 
Itwo spectrometers have higher resolution tiuu .the : short 
IWvetength system because ofthe ««P»°~ t J^^l^fi 
fHe , andHe n solar system lines be separated from Ae much 
[weaker interstellar Unes. The two longer wavelength spec- 
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Fig. 1.— Schematic ofthe diffuse EUV spectrometer. 

tromctcrs both focus on different parts of the same imaging 

^grasp of the spectrometer, denned as the effective . area 
integrated over the solid angle, is shown in Figure Z Absolute 
SSrJ^LZ and absolute effective area were measured 

diode calibrated by the NaUonal 
Bureau of Standards or to a proportional counter with known 
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Fig. 3.— The resolution (FWHM in A) as a function of wavdength. The 
triangles show the shon-wavdength system resolution, and the squares and 
circles shown the medium- and long-wavelength systems,' respectively. The 
open symbols indicate measurements made prior to launch, and the solid 
symbols show postfiight measurements. The error bars shown are the 80% 
confidence intervals to the fits of each measurement, and the curves are parab- 
olae that have been fit to the data. 

resolution" mwWs^SUl^mbctn fit to parabolic curves, as 
shown in Figure 3. These curves are taken as a reasonable 
estimate of the instruments* resolution, and the scatter of the 
measurements about the curve as an indicator of the total 
uncertainty of the individual measurements. 

The spectrometer was designed to avoid false line problems, 
and the assembled instrument was tested extensively to check 
for u ghost lines " and to determine the effects of scattered light 
and particle infiltration. Intense beams of 170 A, 304 A, 584 A, 
and 1216 A radiation, and electrons and ions with energies up 
to 400 eV were scanned across the instrument while aimed 
directly down the optical axis and at 5° and 10° to either side of 
the axis. Images accumulated during these tests show no signs 
of any ghost lines with count rates thousands of times higher 
than those observed in the brightest line (584 A) during flight. 
The tests with low-energy particles and radiation outside a 
given spectrometer's bandpass showed no measurable increase 
in count rate over the detector background of that spectrom- 
eter. Furthermore, no increase in count rates were seen in any 
spectrometer when radiation of any wavelength was incident at 
angles outside the central 4C field of view of the collimator. 

If filter pinholes developed before the observation, intense 
£216 A radiation scattering through the instrument could have 
entered the detector chamber. In this case, the scattered light 
would appear only as an increased detector background unless 
there were intrinsic detector nonuniformities that mimicked 
line emission. Therefore, many points on the detector surface 
were measured to test for fluctuations in quantum efficiency 
over different regions of the detector. These measurements 
showed the detector response to be quite uniform. The entire 
detector area was also illuminated with a diffuse beam of far- 
ultraviolet (FUV) radiation. These flat-field images have been 
examined for signs of line emission in the exact same manner as 
the flight data. No lines were found in this flat-field test data. 

The diffuse EUV spectrometer was launched from White 
Sands, New Mexico, at 10 minutes after midnight (MST), 1986 
April 22, on a Nike-boosted Black Brant sounding rocket The 
rocket reached an apogee of 303.9 km at 283 s after launch. 
The spectrometer was pointed in the antisolar direction, down 
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Earth's shadow. This position was held for 160 s and^^p. 
shifted 1?5 along the narrow (4ff) field of view and hdd 
another 160 s. As detailed later, this shift helped to detefiBj 
the point source contribution to the observed OTissionTfjjL.^ . 
flight ended with a scan away from Earth's shadow toward 
southern horizon. The pointing was centered at the posSjT ^ ~ 
I = 325?0 ± 0!5, b = 47?7 ± 0!5, as confirmed by a 35 rnija 
camera which photographed the sky every 5 s during the L, 
Postfiight calibration of the instrument alignment! 
resolution and a partial throughput test were performed wi§ 
1 month of the launch. The alignment was within 4%|p£ 
preflight values, and the postfiight resolution measur 
indicated by the solid symbols in Figure 3, were all witMnjj 
(2 J c) of their preflight values. Unfortunately the 
door on the optics cavity lost its vacuum seal during i 
causing a rupture of the thin filters and eliminating 1 
bility of carrying out a complete postfiight throughput t 
did, however, measure the postfiight throughput 
filters, which we then corrected with the preflight 
filter transmissions. The result was consistent with the j 
measurement to better than 45% (1.2 a). The sp 
system is described further in Labov (1988a, b, 1989). 

3. DATA ANALYSIS 

A raw spectrum was derived for each spectrome. 
photons detected while the instrument was pointed.inl^ 
solar direction and while the detectors were operating j 
stant background levels. The short-wavelength jjr 
(80-230 A) includes 329 s of data with a detector tr* ** 
level at 1 .0 counts s~ 1 cm ~ 2 . The medium- and long- 
spectra (230-650 A) include 234 s of data with a deti 
ground level of 1.6 counts s* 1 cm" 2 . The constant 1" 
of the detectors was about twice the background _ 
the laboratory, which is common for these detector 
altitudes. The resultant spectrum is shown in Figu 
width of the pixels in Figure 4 is the electronic samph 
the minimum spectrometer line width covers five f 
these electronic pixels. Solar radiation at 584 A : 
scattered by neutral helium flowing through the s~ * 
clearly present in this figure, and features near 
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Fig. 4.-Raw spectra from all three spcctr^D^j 
shows the number of counts accumulated in 
antisolar pointing. Toe dotted line shows the < teie ^£ 
or smoothing has been performed. 
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| 61ft and 635 A arc suggested. The dotted curve in Figure 4 
J^SaTcates 5 ^ overall shape of the. detector background spec- 
j xnm as measured in the laboratory, scaled by a factor of 1 

S3.1. Tests for Emission Features 
Since the signal to noise of our measurement was expected 
io be low, three critera were established for a feature to be 
considered significant. First, the feature must not be due to a 
transient malfunction of the detector or spectrometer system. 
The postflight calibration (discussed in § 2) indicates that only 
the filters were damaged during the flight The instrument has 
three independent vacuum pumps, each connected to one of 
the three chambers that are separated by the two filters. All 
these pumps were in operation after launch and prior to the 
observation. The pump voltage and current monitors showed 
lhat a pressure differential existed at this time, indicating that 
ihe filters were intact after the separation of the payload from 
the booster engines. At most, only a small pinhole could have 
been present during the observation. If such a filter pinhole did 
exist during the observation, or if a detector nonuniformity 
developed, the flight images would show a small region of 
enhanced count rate. However, since the spectrometers have 
ao focusing perpendicular to the spectral direction, a true emis- 
- ion line will evenly illuminate the entire length of the detector. 
Several tests for uneven detector illumination were performed, 
;«nd only one of the eight possible emission features detected 
i : *as unevenly illuminated. That feature, located at 120 A, was 
Kjonoved from subsequent analysis. 

Second, the feature must not be a consequence of the 
Ifethod employed in establishing the continuum (or back- 
^und) level. The detector background was established by 
Timing the dark counts accumulated before and after the 
ht under a variety of conditions. An independent method of 
™*ting the background continuum has also been applied, 
tor images have been artificially created with perfectly 
backgrounds in the active area of the detector. These 
ny n images are then processed in a manner identical to 
1 wght data. This provides a relatively smooth continuum 
that includes the changes in background levels due to the 
m image size as a function of wavelength. The analysis 
carried out using both methods of continuum estimation; 
B 2 n,ss j on Iine is a consequence of the noise in the back- 
otfc *f tlmates ' win not appear in the analysis with the 
?"» dummy-image continuum. All the features discussed* 
bJ*? arc Present regardless of the method used to estimate 
g^unuunt 

■ the feature must show a statistically significant rise 
. «* continuum level. To find how many significant lines 
JV^ch spectrum, the raw spectrum was fitted with a 
composed only of the continuum detector background 
"^multiplied by a scale factor. The model was fitted to 
T^ctrum data by varying the continuum scale factor 

as*? A line was thcn added t0 the model at the 
guv corresponding to the largest residual in the fit with 

nUnu Wavc,cn 8 th and strength of this line, along with 
••■tecan?!- 80 * 16 factor ' wcrc then varied t0 mini roize x 2 - 
^JaiW C added at the wav dcngth corresponding 
Ijfand t ,dual in thc fil ***** onc Hnc * and thc wavc " 
%m * rcn 8 th s of both lines were varied as well as the 
*es unt-f factor ' P roce s$ w as repeated with addi- 
£the * 'J 0 furthcr improvement in the fit was noted. 

ofid aVC • gths of thc most P roDaole » ncs w ere deter- 
c nce intervals were determined for the strength 



and wavelength of each line. Because of the low number of 
counts per bin in the raw spectra, the likelihood-ratio test 
described by Cash (1979) was used with the procedure 
described by Lampton, M argon, & Bowyer (1976) for deter- 
mining confidence intervals. A similar technique was applied at 
all wavelengths across the spectra to determine upper limits to 
line radiation at each wavelength. 

3.2. Tests for Noninterstellar Emission 
Once an emission feature was established as being signifi- 
cant, all possible solar and stellar origins for this emission were 
considered. This section describes procedures designed to test 
different noninterstellar emission mechanisms that might, in 
principle, have contributed to the observed features. 

The field of view in the target direction does not contain any 
of the FUV point sources listed in the TD-1 catalog (Jamar et 
aL 1976). This catalog includes all O- through B3-type stars 
brighter than seventh magnitude and other B stars to about 
sixth magnitude. With these sensitivity limits, the catalog 
includes all stars that are hotter than 12,000 K, have little 
interstellar extinction, and lie within the nearest 100 pc. Any 
FUV source likely to appear in the EUV is therefore included 
in this catalog. The diffuse EUV spectrometer field of view does 
not contain any of the X-ray sources in the HEAO A-2 catalog 
(Nugent et al. 1983) or the HEAO A-l catalog (Wood et aL 
1984). The A-2 catalog has a limiting sensitivity of 10~" ergs 
cm" 2 s" 1 at 28-69 A, and the A-l catalog is complete to 250 
fJy at 2.5 A. If an uncataloged object with a flux equal to the 
limiting sensitivity of the HEAO surveys happened to be in the 
field of view of the spectrometer, that object would produce 
only a few counts at 100 A during a 300 s observation by the 
diffuse EUV spectrometer. 

The point source sensitivity of the diffuse EUV spectrometer 
is such that only the brightest known EUV sources (such as the 
hot white dwarf HZ 43) could produce a signal with count 
rates approaching those observed. No known white dwarfs 
hotter than 12,000 K are located near the field of view in the 
target direction (McCook & Sion 1984). Furthermore, white 
dwarfs are continuum emitters, not line emitters; therefore, if 
such an object were in the field of view, it could only raise the 
continuum level, not create lines. Similarly, only the brightest 
known EUV coronal emitters (such as a Cen) could be detected ^ 
by the spectrometer. Halfway through the point observation, ' 
the instrument was shifted 1?5 in the narrow field of view 
direction. The flight data in each detected emission line were 
■ examined for changes corresponding to this shift No change 
greater than 1 c was observed in any of the lines or in the total 
count rate for any of the spectrometers. Since the probability of 
having two bright, unknown, and identical EUV sources 
separated by only 1!5 in a region that can extend - 100 pc is 
unlikely, we conclude that the emission observed is truly 
diffuse emission. 

A possible noninterstellar source of diffuse EUV emission is 
resonantly scattered solar radiation. Since we observed in the 
antisolar direction down Earth's shadow cone, solar photons 
must be multiply' scattered to reach the field of view of the 
spectrometer. If any of the detected features were geocoronal in 
origin, they would appear at least 40 times brighter in previous 
observations that were not confined to Earth's shadow (Weller 
& Meier 1974a; Chakrabarti et aL 1982). With the exception of 
He n 304 A emission, radiation at these intensities is ruled out 
by the observations of Stern & Bowyer (1979) and Holberg 
(1986). 
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Another possible noninterstellar emission source is Earths 
atmosphere. Spectra of the dayglow at wavelengths above 400 
A show several O n and N n emission lines, including an N II 
emission line at 629 A (Chakrabarti et aL 1983). As atmo- 
spheric ions recombine at night, the intensity of the recombi- 
nation lines will be significantly diminished. For example, the 
O I line at 989 A is over 300 times brighter in the day than at 
night (Chakrabarti et al. 1983; Chakrabarti Kimble, & 
Bowyer 1984). If the N n 629 A dayglow emission is scaled 
down by this factor, it would be 25 times dimmer than the 635 
A feature reported here. Furthermore, several of the O a 
dayglow lines are much brighter than the N n 629 A line, and 
none of these lines were found in the diffuse EUV spectrometer 
data. It therefore seems unlikely that the 635 A feature is atmo- 
spheric in origin. 

3.3. Line Strengths 
The emission features that pass the criteria discussed in § 3.1 
are summarized in Table 1. The wavelength and count rate of 
the line at 609 A supports the hypothesis that it is 304 A 
geocoronal He n emission detected in second order. Similarly, 
the feature at 200 * fc consistent with a second-order image of 
the 99 A feature. The 200 and 609 A intensities are therefore 
excluded from Table 1. The confidence intervalsfor the wave- 
lengths are the single-side 1 a confidence levels. These intervals 
include both the uncertainties in the fitting procedure and 
those associated with the wavelength calibration. The observed 
counts listed in column (2) are the total number of counts m 
the line after correction for background. The confidence levels 
here are those found in the fitting procedure. The statistical 
confidence listed for each line in column (5) includes an esti- 
mate or the systematic errors. 

The intensities listed in Table 1 have been corrected for 
atmospheric absorption. This absorption was calculated with 
the cross sections of Kirby et aL (1979) combined with the 
MSIS-83 thennospberic composition model atmosphere 
(Hedin 1983). The atmospheric attenuation was calculated as a 
function of wavelength, altitude, and zenith angle and then 
averaged for the conditions encountered dunng the observa- 
tion. The maximum average attenuation used was 10%. The 
confidence levels for the intensities included both statistical 
and instrumental calibration uncertainties. For convenience 
the intensities in Table 1 are listed in photons cm -» s sr 



and in raylcighs (I photon cm" 2 s" 1 sr - *-j 

The lines listed in Table 1 are presented m Figure 5 along 
with the upper limits to line emission. Also shown in Figure 5 is 
the strength necessary for a single line to produce the broad- 
band upper limits from the Apollo-Soyuz EUV telescope obser- 
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Fig. 5.— The emission features detected are indicated with 1 c i 
in both wavelength and intensity. The uncertainties indicated induce^ 
calibration and fitting procedure uncertainties. The squares show the n 
stellar lines (304 and 584 A), and the cirded points are the ones 
believed to be interstellar in origin. The bold lines indicate thej— 
(90% confidence level) to line radiation inferred from this o 
dashed lines indicate the upper limits derived from previous oh 
the dotted lines indicate the previous soft X-ray and EUV observarj 

vations (Paresce & Stern 1981) and the upper to line L 
found with the Voyager instrument (Holberg 1986). In 1 
we show the single line strength that would produce U 
rates observed in the soft X-ray carbon band (C ban 
A\ boron band (B band, 66-95 A\ and the rxryluiiinl 
band, 115-155 A) (McCammon et aL 1983; Stern* 

1979) ^ 

As can be seen in Figure 5, the 178 A line is coi 
the previous observations. Bloch et aL (1986) meas 
band intensity at two locations within 2CT o! tnc 
observed. The 1 a range in 178 A intensity listed 
would produce between Z5 and 17.7 counts ^ 
portional counter of Bloch et aL (1986). At J -JH 
Bloch et aL observed 12 ± 0.8 counts s , anOj 
h = 41°, 4.5 ± 0.6 counts s _1 were observea, ; 
with our measurement. Bloch (1988) has ana_ 
height information from the Bloch et al. (W«M" 
dudes that if the emission they otaem « ■ 
single line, then that line must be below 135 
nJgc in 178 A intensities ""-J"*^ 
we cannot confirm whether the Bloch et ^- 
dominated by emission at 178 A or oy «= ^ 
wavelengths. 
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H The 99 A feature is within 22 a of the B band intensity. 
--Swerved by McCammon et al. (1983). The 635 A line plotted in 
"1'fieure 5 is significantly above the upper limits of Holberg. II 
emission is interstellar in origin, it would be subject to 
'1*ong absorption by neutral interstellar hydrogen, and the 
i'^ehtness of the emission would be extremely sensitive to the 
' i&ometry of the emitting and absorbing regions. Since our view 
Erection was different from that of Holberg, our observations 
jjay not be in conflict 

]. 4. INTERPRETATION 

3 The feature observed at about 300 A is the first spectroscopic 
Utection of diffuse He n 304 A geocoronal background, and 
ie609 A feature is consistent with this 304 A line observed in 
«ond order. The 304 A intensity listed in Table 1 is consistent 
irith the upper limit to 304 A emission in the antisolar direc- 
ion (0.02 rayleighs) reported by Paresce, Fahr, & Lay (1981). 
None of the other lines appear to emanate from Earth s geo- 
iiorona The 0.9 rayleigh 584 A emission is consistent with solar 
ndiation resonantly scattered by neutral helium flowing 
trough the solar system; previous 584 A measurements vary 
torn 0.5 to 10 rayleighs (Welter & Meier 1974b; Freeman etal. 
1976 1977- Broadfoot & Kumar 1978; Weller & Meier 1979; 
Wciler & Meier 1981; Dalaudier et al. 1984). This leaves three 
possible features, those at 99, 178, and 635 A, which may be 
produced by the hot ISM. Calculations of the emission from a 
tot interstellar plasma show bright lines near these wave- 
kngths produced by Si v, Ne vn, N e vm, Fe xv£ or Fe xre 
59 A); O vi or Fe vra to Fe xi (178 A); and O v (635 A) (Stem, 
Wang, & Bowyer 1978; Raymond & Smith 1984; Mewe, 
Gronenschfld,& van den Oord 1985). 

For an analysis of these features we consider the ISM to 
consist of an emitting component with no self-absorption and 
«f a second component which is purely absorbing. For an 
cpiicauy thin isothermal gas in which the emitting material is 
.kraiogeneous along the line of sight, the total emission from 
' emitting region is 



j_ X PAT) 
'4nhe nj 



EM 



(1) 
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- EM is the emission measure, P,(r)/n* is the line power, 
r»r,is in photon units (photons cm -2 s" sr" ). 
The ISM models can be extended to include a distribution or 
'Peratures; following Jenkins (1978b) and Paresce & Stern 
*>\\ a power-law temperature distribution defined by 



ilnT 



= C.T" 



(2) 



-*i Here C is a scale factor that can be written in terms of 
^Oling factor and pressure of the ISM. This temperature 
""Inuion model is discussed in more detail by Paresce & 
i»8l) and Labov (1988b). 

* observed line intensity Jj, can be calculated by multi- 
foe emitted line intensity I\ by the effective transnus- 
S°f the ISM. The net absorption is affected not only by the 
i^ount of absorbing material in the line of sight, but also 
*» Seornetry of this material and how it is arranged relative 
'emitting material. In the simple slab absorption model, 
j 8 emitting material lies beyond the absorbing material, 
i» * / V"' 1 "", where c x is the photoelectric cross section 
IWrogen atom (Cruddace et al. 1974; Morrison & 
n «non 1983). This model does not include the effects due 



to clumping of the absorbing material; such effects were first 
examined by Bowyer & Field (1969) and later refined by 
Jakobsen & Kahn (1986). Jakobsen and Kahn's generalized 
-embedded clump" model describes the effect of a statistical 
distribution of absorbing clouds with a clumping factor t\l that 
is multiplied by the photoelectric cross section yielding the 
effective cross section: <7 Jrf r = f^v By using a power-law 
cloud distribution with an exponent of £=-2 and a 
maximum cloud size of N HaMX = 1.7 x 10" cm" 1 , the dump- 
ing factor iji can be calculated at any wavelength as a function 
of the minimum cloud size N„ .j. (Kahn & Jakobsen 1988; 
Labov 1988b). Jakobsen & Kahn (1986) also define a macro- 
geometrical parameter R as the ratio of scale heights of the 
absorbing gas to the emitting gas: R - fijfi e By varying the 
two parameters, N Ho>in and R, this model can encompass a 
large variety of geometries and clumping. 

The most straightforward approach is to consider our line 
strengths and upper limits directly in terms of the models of the 
ISM discussed above. In practice this is possible with only one 
of the three features observed, the feature at 635 A. At long 
wavelengths the higher resolving power of the spectrometer 
coupled with the limited number of strong lines produced at 
these wavelengths, makes it possible to analyze this feature 
directly. The most likely origin of this feature is O v emission 
at 629 7 A. Within the 3 a confidence interval for the wave- 
length of this feature, the next strongest line produced by a 
cosmic composition of gas at temperatures between log T = 5 
and 7 is more than two orders of magnitude weaker (Stern, 
Wang, & Bowyer 1978; Raymond & Smith 1984). Two of these 
other lines are N n bnes, including one at 635 A. This N n tone, 
however, would be accompanied by the N n 533 1 A line, which 
is 16 times stronger. Any absorbing material in the line of sight 
will attenuate the 635 A line more than the 533 A hne, making 
the apparent toe ratio even larger. This 533 1 A une was not 
observed. Since the strength of the observed 635 A feature « 10 
times larger than the upper limit at 533 A, the 635 A feature 
cannot be N n. Other lines within 3 a of the observed «5 A 
teture include C m (622.1 A) and O n (6442 A). 
both be ruled out in the same way asthe N n hn* AdjUonal 
nearby lines include Mg x (625.3 A), O.v (627 J A), N v(628.9 
A), and O vm (632.7 A). These are unlikely candidates because 
the emission measures and temperatures required to produce 
these lines would also produce bright lines at shorter wave- 
lengths. Such lines were not observed. Another possible source 
otL observed feature at 635 A is the [He i] 2 'S - 1 >S hne at 
625.6 A. This line is 2 <r from the recorded 635 A feature, 
whereas the O v line is within 1 c of the recorded feature. 
Therefore, in the following analysis it has been assumed that 
the feature at 635 A is the 630 AO vline. 

Our observation places strong constraints on the tem- 
perature of the O v emitting gas. The O V630A bK»IM» 
est at temperatures of 10 s * K. An O iv hne at 554 A can be 
almost asVtrong as the O v 630 A ^ "|«jk«gM 
temperature of 10" K. This Une was not detected. The ratio of 
tneTp^r limit at 554 A to the detected O v 630 A em.ss.onj . 
J,W/«Vo £ 0.1. This ratio places a lower limit on the tem- 
pe'rttureoFlog T * 5.4. A Ne w line exbts at 465 A Aatpe^ 
near log T - 5.8. This Ne vn line also was not detected, and 
SS ratio of the upper limit at 465 A to the detected 630 A line 
strength is again about 1/10. This places an upper hm. : on the 
temperature of log T Z 5.7 Absorption in anyg^metry , wfll 
havia greater effect at 630 A than at 465 or 554 A and, there- 
fore, further tightens these temperature constraints. 
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FiG. 6— The ratio of the O rv 554 A line to the O v 630 A line as a function 
of temperature is shown by open symbols. The solid symbols indicate the 
Ne vn 465 A to O v 630 A line ratios. The predicted line ratios with no 
interstellar absorption are shown by the squares connected by solid lines, and 
the triangles show the line ratios predicted by a slab absorption model with a 
column density of log N„ - 18. The solid horizontal line shows the upper limit 
imposed on both of these line ratios by the data reported here. The tem- 
perature of the emitting gas is restricted to the shaded region. 

These results are shown in Figure 6. The line ratios with no 
absorption and with a slab absorption model where log 
18 are shown. We also show the 90% confidence upper limit 
for both lines which is provided by our results. The emitting 
material must produce line ratios which lie below this line and 
above the solid lines that show the case of emission with no 
absorption. This leaves only a small range of permitted tem- 
peratures: 5.42 ^ log T ^ 5.67. To test the sensitivity of these 
results to differences in plasma codes, the line ratios were cal- 
culated from both the code of Stern, Wang, & Bowyer (1978) 
and the code of Raymond & Smith (1984); the results were 
consistent to within 3%, showing that our conclusions are not 
particularly sensitive to differences in plasma codes. 

The nonisothermal emission model defined in equation (2) 
has little effect on this temperature constraint With a wide 
range of temperature exponents, -2 < a < 3, the smallest 
J 554 // 630 line ratio this model can produce is OA Only by 
increasing the lower temperature limit log 7^ to 5.5 can a line 
ratio as small as 0.1 be obtained. The U 65 /U*o limk w ?«? 
with a full range of temperatures, log = 5 to log 7^ = 7, 
but the power-law coefficient a must be negative. These results 
are similar to the conclusion above; the l 55 JI e 30™*o is not 
consistent with a gas at temperatures less than 10 3 ' K. The 
a < 0 constraint from the htsJI 6 *o implies that the gas density 
decreases as the temperature increases. Therefore a higher tem- 
perature component, or a distribution of temperatures higher 
than 10 5 - 5 K, could exist as long as the emission measure of the 
hotter material does not exceed the emission measure of the 
log T « 5 j gas. The hotter material in this gas can coexist 
with the 10 3 - 5 K gas because the strongest lines at higher tem- 
peratures are only 1/10 as powerful as the O v 630 A line at 
10** 3 K. 

These line ratio calculations utilized line power calculated 
under the assumption of ionization equilibrium. If the gas is 
cooling from a 10 6 K equilibrium state, the calculations of 
Shapiro & Moore (1976) show that the ions do not recombine 
quickly enough to remain in equilibrium, and so each stage of 
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ionization persists at lower temperatures. This does np£v^ 
however, prevent recombination into O rv at about the iaaSt^0$: 
temperature (10 5 * 3 K). Similarly, the temperature of the Ne jnt 7 
peak (10 5 * 78 K) is the same in the steady state and tan^f.^ 
dependent calculations. Nonequilibrium ionization, therefoi^;^ 
does not effect the above conclusion that at least one con>^-5§ 
ponent of the gas must be at a temperature near 10 5 - 5 K. /£jg. r - Sag 
The features centered at 99 and 178 A, if produced by a i3»V ;££j 
ISM, will be produced by clusters of lines. The resolution of 
spectrometer at these wavelengths is not high enough to idSP&vr& 
tify any one emission line in these features. Hence it is Decejf^^ 
sary to generate model spectra and compare them with 
spectra observed. To this end we generated synthetic spe|BS$£ 
from isothermal models of the ISM with both slab and emj^^s 
ded clump geometries using line strengths from RaymoiSljf* ^ 
Smith (1984) and interstellar absorption from Cruddace c"*~ 
(1974) and Morrison & McCammon (1983). Tne 9Q% and ! 
confidence limits for emission measure, and temperature. ' 
slab absorption model with N„ as a free parameter arc s ^ 
in Figure 7. In this model only values of log ,V H less thair, 
can fit the data. The results from the embedded clump H 
with JV H and R as free parameters are also shown in 1 r 
7. Both the sla"b absorption and the embedded clump iso 
mal models are dominated by the log T = 5.5 solution^ 
the embedded dump model includes a large range of ateq 
geometries, it is consistent with a large range of emissioiy 
sures. To determine values of N H mln and R, at least tw*»* 
originating from the same gas are necessary. Since cm 
of the features observed with the diffuse EUV spectrj 
originates at log T = 5.5, these data cannot substantir 
strain the N Hmia and R parameters, and only solut- 
log AT„ miB < 18 can be rejected. This restriction corre 
rejection of any solution with a relatively smj 
unclumped absorbing medium. ■ 

The results shown in Figure 7 confirm our results^ 
above for the O v 630 A emission feature. However^ 
thermal model with log T - 5 .5 produces no ■ 
ot 178 A. To reproduce the observed 99 and 17* aj 
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Fig. 7.-Re$uhs from fitting ^^JETS 
reported here. The solid con^ ^ow the 9^ j 
foTthe slab absorption modd ^^/$^f ? 
and 21. The dashed contours *°wltt Is thi 
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model.with more than one temperature is required. A multiple 
temperature slab absorption model with N H a free parameter 
one temperature fixed at log f = '5.5, and the Wisconsin B and 
C band intensities (McCammon et al. 1983) included as upper 
limits provided an improved fit to the data. This model 
required a total of three temperatures to reproduce the ob- 
served features. In addition to the log T = 5.5 component, a 
solution near log T = 6.8 and log EM = — 1.8 produces 
several Fe xvn and Fe xrx lines near 99 A. The other solution 
near log T = 6.0 and log EM « -20 produces no tines near 
"o i c lt t*** P roduce a cluster of x and Fe xi lines near 
178 A. Synthetic spectra were also generated with the plasma 
emission code of Mewe, Gronenschild, & van den Oord (1985) 

W ° W ^ T aDd *** COde of Stern ' Wan & & Bowyer (1978) 
above 300 A. The model-fitting results were always similar to 
the results described above which were obtained with the 
Raymond & Smith (1984) code. 

5. DISCUSSION 
5.1. The635AUne 
The 635 A line is consistent with emission from O v at 630 A 
originating in gas at log T = 5.5. This gas will not produce 
emission lines at 99 or 178 A, nor will it produce the observed 
wft X-ray intensity. This implies that hot gas exists at 
log T = 5 J, in addition to the gas emitting soft X-rays. In this 
section we examine other evidence for interstellar gas at 
»g T = 5.5 and the implications of the O v emission for the 
ISM. 

We first compare the temperature constraints provided by 
<wr observation with temperature constraints from Ovi 
"sorption studies. The star a Vir (Spica) is 6!6 awav from the 
position we observed. This spectroscopic binary is at a distance 

* mi* 25 If* has a hydrogen column of N H = 1.0 ± 0.25 

* w cm . and an O rv column of N OY1 = 269 x 10 13 
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1978. i \ 9 rt 7 0 4 \ Jcnkms 1978a; VoMn, Savage, & Drake 
rl' v- *-f resce 1984 >* 1110 average density of the O vi column to 
6 ak? tUnes the gIobal avcra « c (Jenkins 1978b). 
StaM^S? ~ m , N V Was not obsCTVcd along the line of 
g£ * a V * 1974) - "PPW Umit to the N v/O vi 

EK?;"? thc . tem P erat "rc to 5.53 <; log T 5.75. York 
iSeii Wldths to make an ^dependent estimate of 

Efc!£ PCr ten, P eratn « ^ of the absorbing O vi gas. In the 
^jon of a Vir, he finds log T < 5.6. The temperature con- 

ffctZ TV! 96 *. hy ° Ur observation of O v emission at 630 A 
"7" y . ldc n«cal to the constraints obtained by York and 
»rS A lnab,C by thc P 1 * 5 * 1 "* of gas near 10 5 - 5 K that 
- W* ^ rad,ation ^ emits O v line radiation. 

* fart* 1 C0 ? i6eT *** Strength of lhc 635 A Kne and thc 
• **uons or the inferred emission measure. We use the 
^Hiship 



EM 



(3) 



&pk V ht path th « filling factor of the hot gas, 
fe* ine pressure. Since the tnfal oaior*;** m 



in 
at 

JL 



: 5.5 and log EM ^ -23 from our results 
^V^V-m ^ t quation < 3 > limits thc pressure to 
erm 1 1 00 K * is consistent with mea- 

J ro»;, prcssurcs in diffusc cIouds (Jenkins, Jura, & Loe- 
y «) and the pressure inferred from broad-band soft 



8n 

Sir 0 & Fie,d 1976: Co * & Snowden 

• The filling factor can be constrained if one assumes th n «-»t« 
gas observed in absorption toward a Vir is 
observed in emission. With this assumption, theO v, ^™ 
density observed toward, a Vir can be iSbSS^^Si 
emission measure to estimate directly the filling factor and 

S^a e tX° n dCnShy ^ ° " 



(4) 



r g ,^ 5 - 5, thC ° 1/1/0 ratio 15 25,6 in steadv 'oniza- 
?«°™ q «, , ? bnuin (Raymond & Sinith 1984; Shapiro & Moore 
1976). With the abundances of Allen (1973* eqwtiooS! 
reduces to n, = 7.12 x 10'^ v,. The O v, deisity is rebted 
to the average O vi density by the filling factor f .tu = 
^vi)/" 1 . Combining this relation with equations f3) and (41 

TEW? = N^-r"7 ^'W- 1 -d /- 5.07 

J </Xovi> M * Inser tm8 the lower limit to the 
observed emission measure and the upper limit to the length of 
the emission region (L <; 84 pc), we find p/k Z> 3.0 x 10* cm' 3 
K and 1.5%. This pressure is larger than the predicted 
thermal pressure of the local hot gas. 

If the gas were not in a steady state situation but had been 
heated to log T = 6 and is now cooling through log T = 5.5 t 
the ionization balance would be shifted, leaving less gas in both 
the O v and O vi ionization stages (Shapiro & Moore 1976). 
However, time-dependent ionization does not change the dif- 
ference between the emission measure predicted from O vi 
absorption and the emission measure observed for O v emis- 
sion, and hence our results would not be altered. 

If the observed 630 A O v emission originates from a noniso- 
thennal gas, an analysis similar to that above can constrain the 
pressure and filling factor of the emitting region. In § 4 we 
showed that a power-law temperature distribution (equation 
(2)) can exist only if the minimum temperature of the gas is 
10 * K and the exponent of the distribution is negative. Such a 
distribution is not consistent with classical evaporating clouds 
as described by McKee & Cowie (1977). If the cloud evapo- 
ration is saturated, however, a negative exponent of a « —5/4 
describes the temperature distribution in the saturated zone 
(McKee & Cowie 1977; Cowie & McKee 1977). If the lower 
temperature can be held at log T « 5.5, and if the region is 
saturated, it is possible that the observed emission originates in 
a dense interface. With a = -5/4, log T t = 55, and log T 2 = 
6.0, the pressure in the nonisothermal gas is p/k « 1^3 x 10 3 
/y /2 L" 2/ y~ l/2 cm" 3 K,whereLisin parsecs. The lower limit 
emission measure that is compatible with the data, 
log EM ^ — Z5 f corresponds to a minimum line intensity of 
3.0 x 10 3 photons cm" 2 s' 1 sr" 1 , restricting the pressure to 
tf*2 7Ax.I0y-"»cnr»K. 

As with the isothermal case, the O vi absorption data for 
a Vir can be used to restrict the filling factor and the pressure 
independently. Combining equations (2) and (4) yields the 
average O vi density expected from a given temperature dis- 
tribution. Using the steady state ionization fractions from 
Shapiro & Moore (1976) with the maximum emission length 
and minimum intensity derived from our observation, the 
rilling factor and pressure are found to be restricted to 
4.0% and p/k £ 3.7 x 10 4 . In this case, however, a pressure 
above the ambient ISM pressure is expected. For highly satu- 
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rated evaporation, Cowie. & McKee (15*77) find a relationship 
for this enhancement For the values considered here, a pres- 
sure enhancement of 3.7 would be expected for a cloud size just 
under one parsec 

Regardless of the origin, the 635 A emission observed could 
be a major source of ionization. Reynolds (1983, 1984, 1985) 
has shown that diffuse Ha emission is ubiquitous throughout 
the Galaxy, and widespread sources of flux shortward of 912 A 
are required. Pulsar dispersion measures (Reynolds 1989) indi- 
cate a high scale height for the associated ionized material. 
Since the path length for radiation shortward of 912 A is low, 
this implies that the ionizing source must also have a large 
scale height and be widespread. Transient heating appears 
unlikely, and the steady state ionization rate is more than can 
be provided by cosmic rays, the soft X-ray background, B stars, 
or hot white dwarfs (Reynolds 1986; Bnihweiler & Cheng 
1988). Sciama (1990) and Salucci & Sciama (1990) have argued 
that a variety of observations can be explained by the presence 
of dark matter in the galaxy which decays with the emission of 
radiation below 912 A. 

The flux of 635 A radiation required to produce hydrogen 
ionization is given by F = Ch/^ = 43 x 10*(. 13 photons.. 
cm" 2 s~ l , where C-i3 is the ionizing rate in units of 10~ 13 s" 1 
per H atom. Reynolds (1986) estimates that in the immediate 
vicinity of the Sun, a steady state ionizing rate of C_ 13 between 
0.4 and 3.0 is required. To produce this range of ionization, the 
635 A intensity we observe would have to be distributed over 
7%-54%ofthesky. 

52. The 99 and 178 A Features 
The 178 A feature can be produced by a group of Fe x and xi 
lines at log 7 = 6. The best-fit emission measure for this gas is 
log EM = -2.0, implying a pressure of p/k = 1.9 x \Q*/JfL 2 
cm" 3 K, where L 2 is the path length in units of 1 00 pc. With L 2 
and /near 1, this pressure is only slightly above the overall 
pressure of the local ISM. Bloch (1988) finds that depleted 
abundances are required to fit an interstellar emission model to 
his Be band data. There is too much uncertainty in our 178 A. 
intensity to determine if the log T = 6 gas is depleted. 

The 99 A feature is best fitted by gas at log T = 6.6-6.8, 
where a complex of Fe xvin and Fe xrx lines contribute. At the 
temperature of log T » 6.6-6.8, the bulk of the emission wfll 
be emitted in the 14-25 A range (Raymond & Smith 1984; 
Mewe, Gronenschild, & van den Oord 1985). In the direction 
observed by the diffuse ETJV spectrometer, the Wisconsin 
13-28 A M, band is 3 times brighter than the average high- 
latitude intensity, and the 1 1-20 A M 3 band is about 2 times 
brighter than average (McCammon et aL 1983). At 
log T = 6.6-6.8, the emission measure required to produce the 
Wisconsin Mj band count rate is log EM = — 1.9 to — 1.7 and 
the M 2 band count rate requires log EM = —23 to —11 
(McCammon et aL 1983). These emission measures are in 
agreement with the lower limit of log EM £ — 2 derived from 
the observations reported here. 

In regions with similar M band enhancements, Inoue et aL 
(1980) reported a temperature of log T = 6.5, and Rocchia et 
al. (1984) found evidence for two temperatures, log T = 6 and 
log T = 6.7. The high-temperature component found by 



Rocchia et al. (1984) has a 90% confidence interval ^ 
6.63 £ log T < 6.72 and an emission measure between"^ 
log EM = -2.0 and - 1.7, which is consistent with our results^ 

6. SUMMARY 

We have designed and built a spectrometer to measure the^F 
diffuse EUV astronomical background radiation. Results from ^ 
our sounding rocket observation reveal five emission-line fea^J 
tures, two of which appear in first and second order. The^ 
strongest emission line is solar backscattered He i 584 A radi- ^ 
ation. Solar 304 A radiation resonantly scattered by geo^i 
coronal He n was observed in both first and second orderi^l 
Each of the three remaining spectral features is consistent with H 
those expected from hot interstellar gas. Of these features, the $J 
strongest is the feature at 635 A, which we tentatively identify £>1 
as 630 A O v emission. This emission, when combined with'S.' 
upper limits for other lines which were not observed, rat nets 
Jhe temperature of this gas to 5.5 < log T < 5.7, whidi is coif 
sistent with temperatures derived from O vi absorption' J 
studies. A power-law distribution of temperatures is consistently 
with the data only if the minimum temperature is 10 3 * 5 K aocfllj 
the power law of the distribution is negative. . *j£ffg&{ 

The isothermal models that best fit our O v results ha; 
low absorption (log N H < 17.5) and emission measures^ 
Jog EM = -2.5. If the O vj absorption data from the neatf 
star o Vir is taken as typical for the region observed, tbeii 
filling factor of less than 1.5% and a pressure of more?" 
3.0 x 10* cm" 3 K would be required; such a pressure is'aL 
siderably out of equilibrium with the interstellar enviroc 
With a negative power-law temperature distribution si 
that predicted for saturated evaporation of douds btj 
medium (McKee & Cowie 1977), the a Vir O vi abso 
data confine the filling factor of the emission tof£ 4 ^ 
the pressure to more than 3.7 x 10* cm"* K. Such a js?: 
enhancement has been predicted for clouds undergoing 
rated evaporation. Alternatively, if the 635 A emission? 
considerable fraction of the sky, it would be a major 
ionization. ^ 
The 99 A feature is best fitted by a cluster of f 
Fe xrx lines from gas at log T - 6.6-6.8. Gas_al 
perature, however, is consistent with the 11-28.^ 
observations of McCammon et al. (1983), and it is.!; 
with results found by low-resolution spectral £ 
(Rocchia et aL 1984). The range of emission rocasw 
solution is consistent with these previous obscrya" 
feature found at 178 A is consistent with Fe x andj" 
- sion from gas at log T = 6, which is the same ,~ 
derived from 44-77 A soft X-ray background < 
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